We provide a complete characterization of the astrophysical properties of the σ Ori Aa,Ab,B hierarchical triple system, and an improved set of orbital parameters for the highly eccentric σ Ori Aa,Ab spectroscopic binary. We compiled a spectroscopic dataset comprising 90 highresolution spectra covering a total time span of 1963 days. We applied the Lehman-Filhés method for a detailed orbital analysis of the radial velocity curves and performed a combined quantitative spectroscopic analysis of the σ Ori Aa,Ab,B system by means of the stellar atmosphere code fastwind. We used our own plus other available information on photometry and distance to the system for measuring the radii, luminosities, and spectroscopic masses of the three components. We also inferred evolutionary masses and stellar ages using the Bayesian code bonnsai. The orbital analysis of the new radial velocity curves led to a very accurate orbital solution of the σ Ori Aa,Ab pair. We provided indirect arguments indicating that σ Ori B is a fast rotating early-B dwarf. The fastwind+bonnsai analysis showed that the Aa,Ab pair contains the hottest and most massive components of the triple system while σ Ori B is a bit cooler and less massive. The derived stellar ages of the inner pair are intriguingly younger than the one widely accepted for the σ Orionis cluster, at 3 ± 1 Ma. The outcome of this study will be of key importance for a precise determination of the distance to the σ Orionis cluster, the interpretation of the strong X-ray emission detected for σ Ori Aa,Ab,B, and the investigation of the formation and evolution of multiple massive stellar systems and substellar objects.
Introduction
The fourth brightest star in the Orion's Belt is σ Ori (Quae ultimam baltei praecedit ad austrum, 48 Ori, HD 37648). This Trapezium-like system is also the brightest source of the relatively nearby, almost extinction-free, ∼3 Ma-old σ Orionis open cluster in the Ori OB1b association, which is widely acknowledged as a cornerstone for the study of the stellar and substellar formation (Garrison 1967; Wolk 1996; Béjar et al. 1999; Walter et al. 2008; Caballero 2008b Caballero , 2013 . Remarkably, the components in the eponymous σ Ori stellar system illuminate and shape the celebrated, conspicuous Horsehead Nebula Habart et al. 2005; Goicoechea et al. 2006 Goicoechea et al. , 2009 Compiègne et al. 2007; Rimmer et al. 2012) , and a close photo-eroded pair of a very low-mass star and a brown-dwarf proplyd (van Loon & Oliveira 2003; Sanz-Forcada et al. 2004; Caballero 2005; Bouy et al. 2009; Hodapp et al. 2009 ). Therefore, the amount of high-energy photons injected by the high-mass σ Ori stars into the intra-cluster medium is not only a compulsory input for testing certain models of low-mass star and brown-dwarf formation (e.g., Whitworth et al. 2007 ), but also for understanding the astrochemistry in the Horsehead photo-dissociation region (Abergel et al. 2003; Pound et al. 2003; Ward-Thompson et al. 2006; Bowler et al. 2009, and references above) .
Currently, we know that there are five stars with spectral types earlier than B3 (i.e., massive stars) in the central arcminute of the cluster, including σ Ori Aa, Ab, B, D, and E (Caballero 2014) . Contrarily to σ Ori D, which is a normal B2 V star with large projected rotational velocity (v sin i = 200 km s −1 ; Simón-Díaz & Herrero 2014), the other four stars have extensively pulled the attention of the stellar community. In particular, σ Ori E is a famous helium-rich, magneticallystrong, peculiar, variable star with spectral type B2 Vp (Walborn 1974; Landstreet & Borra 1978; Groote & Hunger 1997; Townsend et al. 2013) , while σ Ori Aa,Ab,B is a very high-mass, hierarchical triple system. It is made of a ∼0.25 arcsecwide astrometric binary, 'Aa,Ab-B', which has not completed a full revolution yet since its discovery (P astrom = 156.7±3.0 a -Burnham 1892; Turner et al. 2008; Caballero 2008a Caballero , 2014 , and a spectroscopic binary, 'Aa-Ab', in a highly eccentric orbit with a period 400 times smaller than the astrometric period (P SB2 = 143.5±0.5 d - Frost & Adams 1904; Miczaika 1950; Bolton 1974; Morrell & Levato 1991; Stickland & Lloyd 2001; Simón-Díaz et al. 2011a) .
This paper aims to be a continuation of the study started by Simón-Díaz et al. (2011a, Paper I) , who compiled 23 FIES spectra between Nov. 2008 and Apr. 2011 , confirmed the presence of a third massive star component in the σ Ori AB system, and determined for the first time the orbital parameters of the Aa,Ab pair. Here we present the analysis of a much extended dataset comprising a total of 90 high resolution spectra spanning ∼ 5 years. Besides the refinement of the orbital parameters determined from a longer and much better sampled radial velocity curve, we perform a quantitative spectroscopic analysis of the combined spectra of σ Ori Aa,Ab,B. The derived spectroscopic parameters (effective temperatures, gravities, and projected rotational velocities) are complemented with photometric information on the system to provide the complete set of stellar astrophysical parameters, namely radii, luminosities, spectroscopic and evolutionary masses, plus estimates of the stellar ages and number of ionizing photons. The paper, which partially benefits from preliminary results from recent interferometric observations by Schaefer (2013) and Hummel et al. (2013) , concludes with a discussion on the global orbital and physical properties of the σ Ori Aa,Ab,B system, highlighting the importance of the results of our study for the interpretation of the strong X-ray emission of the triple system, a precise determination of the distance to the σ Orionis cluster, and new observational clues in the investigation of the formation and evolution of stars and brown dwarfs at all mass domains.
Observations
After publication of Paper I, we continued gathering high-resolution optical spectra with five different instruments, mainly attached to mediumsized telescopes. Our final sample of 90 spectra covers a total time-span of 1963 days, equivalent to almost 14 orbital periods of the Aa,Ab system. In particular, we could obtain over one third of the spectra near the periastron passages of Sep. 2010 , Nov. 2011 , Apr. 2012 , Oct./Nov. 2013 , and Mar. 2014 .
• Fifteen epochs were obtained with the FIES spectrograph (R = 46 000) at the 2.5 m Nordic Optical Telescope at El Roque de los Muchachos Observatory as part of the IACOB project (Simón-Díaz et al. 2011b,d) .
Together with the spectra used in Paper I, these represent a total of 38 epochs.
• Thirty epochs were obtained with the HER-MES spectrograph (R = 85 000) at the 1.2 m MERCATOR telescope at El Roque de los Muchachos Observatory, also as part of the IACOB project.
• Eleven epochs were obtained with the CAFÉ spectrograph (R = 65 000) at the 2.2 m telescope at Calar Alto Observatory as part of the CAFÉ-BEANS project (Negueruela et al. 2014 ).
• Six epochs were obtained with the HRS spectrograph (R = 30 000) at the 9.2 m HobbyEberly Telescope as part of the NoMaDS project (Maíz Apellániz et al. 2012) .
• In addition, we included in our dataset four spectra obtained with the FEROS spectrograph (R = 48 000) at the 2.2 m telescope at La Silla Observatory as part of the OWN survey (Barbá et al. 2010) .
Full descriptions of the various used instruments can be found in Telting et al. (2014, FIES) , Raskin et al. (2011, HERMES) , Aceituno et al. (2013, CAFÉ) , Tull (1998, HRS) , and Kaufer et al. (1999, FEROS) . The log of the observations is presented in Table 5 , while Fig. 1 shows portions of σ Ori Aa,Ab,B spectra at seven representative epochs. The typical signal-to-noise ratio (S/N) of all the spectra was above 200, which could be reached with exposure times of less than 10 min in all telescopes. In the case of the two HERMES spectra obtained on 2013 Oct. 31 (on the exact date of the closest quadrature to periastron passage), we increased the exposure time to reach a S/N ∼ 350. The FIES, HERMES, and FEROS spectra were reduced using the corresponding available pipelines (FIEStool 1 , HermesDRS 2 , and FEROS-DRS 3 , respectively). We used our own pipelines for reducing the CAFÉ and HET spectra. In all cases we used the information provided in the corresponding headers of the fits files to correct the spectra for heliocentric velocity, and our own routines implemented in IDL for continuum normalization.
We also obtained lucky imaging of the σ Ori Aa, Ab, B system with the AstraLux instrument at the Calar Alto 2.2 m telescope (Hormuth et al. 2008). We used three different filters (Sloan i and z and a narrow-band filter centered at 9137Å) at five different epochs (from Jan. 2008 to Sep. 2013; see Table 2 ). The seeing varied between 0.9 and 1.3 arcsec, but component B was clearly separated from A in the processed data in all cases (Aa and Ab components cannot be separated with lucky imaging). The first epoch was discussed by Maíz Apellániz (2010) , where the reader is referred for further details on the data.
Analysis and results

Radial velocity
We followed a similar strategy to that described in Paper I to revisit the orbital parameters of the Aa,Ab system resulting from the analysis of the extended radial velocity curves. In brief, we first used the He i λ5875Å line to determine the radial velocity of the two components. To this aim, we performed a two-parameter cross correlation of the Table 1 ). Lower panel: velocity residuals to the adopted fit for the two components. The root-mean-square of the fit is 1.8 km s −1 .
observed spectra with a grid of synthetic spectra built with two rotationally-broadened, radial velocity-shifted, fastwind He i-line profiles. We used v sin i=135 and 35 km s −1 for the Aa and Ab components, respectively (Stickland & Lloyd 2001; Simón-Díaz et al. 2011a ). The measured radial velocities, along with their corresponding uncertainties associated to the cross-correlations, are given in Table 5 .
Next, we applied the Lehmann-Filhés method implemented in SBOP 4 (Etzel 2004) for a detailed orbital analysis of the radial velocity curves. We assumed as initial parameters those values indicated in Table 2 of Paper I. Contrarily to our previous analysis, now we considered the period as a free parameter to be determined by SBOP. The resulting radial velocity curves, phased to the derived period, are shown in Fig. 2 , and the revised orbital parameters are provided in Table 1 .
The agreement with the solution presented in 4 http://mintaka.sdsu.edu/faculty/etzel/ Sacco et al. (2008) from single lowmass stars in σ Orionis (+30.93 ± 0.92 km s −1 ). The mass ratio of the two components has increased from 1.23 ± 0.07 to 1.325 ± 0.006. The projected semimajor axes and masses have also been slightly modified.
Photometry
The V magnitude of σ Ori, including the three components, is 3.80 mag (Johnson et al. 1966; Lee 1968; Vogt 1976; Ducati et al. 2001) . However, the determination of radii, luminosities, and masses of each component in Section 3.4.2 requires the individual absolute magnitudes in the V band. Also, this information is of interest for double-checking the dilution factors considered in the combined spectroscopic analysis in Section 3.4.1. For obtaining the extinction-corrected V -band absolute magnitudes of the three components we also need information about the magnitude difference between the A,B and Aa,Ab pairs, along with the extinction and distance to the stars.
3.2.1. Magnitude difference between σ Ori A and B
The difference in magnitude between the A (actually Aa,Ab) and B components has been measured by several authors using different techniques. With Hipparcos data, Perryman et al. (1997) We measured magnitude differences, angular separations (ρ), and position angles (θ) in our own lucky imaging data (Section 2). The AstraLux images were processed using the strategy described in Maíz Apellániz (2010) but with one important difference: instead of using a two-dimensional Gaussian for the point spread function (PSF) core, we used an obstructed Airy pattern with the parameters of the Calar Alto 2.2 m telescope convolved with a two-dimensional Gaussian. An example of the data and fits is shown in Fig. 3 , while Table 2 provides our measurements.
The dispersion of all magnitude differences, from 5030 to 9137Å, is probably a consequence of the difficulty to characterize the PSF of the images and the proximity of the A and B components (as indicated in Maíz Apellániz 2010) rather than a colour effect, which is not expected at such early spectral types. We gave more weight to our and Hipparcos measurements and considered ∆V A,B = 1.20±0.05 mag. The intensity scale is linear in the three cases, with the range corresponding to 0 % to 80 % of the maximum data pixel in the first two panels and to −5 % to +5 % of the maximum data pixel in the third one. Each panel is about 2.5 arcsec on each side. North is up, and East is left.
Magnitude difference between σ Ori Aa and Ab
The case of σ Ori Aa and Ab is more complex, mainly because the angular separation of these two stars is so small that only interferometric observations provide enough spatial resolution to resolve both components. As a consequence, the few estimations of the Aa,Ab magnitude difference found in the literature come from indirect arguments based on the derived spectral types of the two components, which in many cases were erroneously associated to the A and B components. In particular, from the inspection of one of his high resolution spectrograms showing separated lines, Bolton (1974) indicated that the redshifted component (Ab at +169.6 km s −1 ) appeared to be 0.5 mag fainter than the blueshifted component (Aa at -88 km s −1 ). Edwards (1976) derived an independent visual magnitude difference, ∆V Aa,Ab = 0.78 mag, after following a more quantitative strategy aimed at determining the spectral class of the individual components of visual binaries.
Only recently, interferometric observations with MIRC and NPOI by Schaefer (2013) and Hummel et al. (2013) have been able to provide a direct measurement of the magnitude difference between Aa and Ab. Schaefer (2013) measured a flux ratio between the two components in the near-infrared H band of 0.58, which translates into a difference in magnitude of 0.59 mag in H, in good agreement with the value proposed by Bolton (1974), but incompatible with the value estimated by Edwards (1976) . All in all, we assumed ∆V Aa,Ab = 0.59±0.05 mag.
Extinction
In most published photometry, σ Ori Aa,Ab,B appears as a single source. We collected from the literature Strömgren uvby, Tycho-2 B T V T , Johnson-Cousins V I, and 2MASS K s photometry for the system (2MASS JH and WISE photometry saturated), and processed the data using the latest version of the photometric Bayesian code chorizos (Maíz Apellániz 2004). It incorporates the Milky Way spectral energy distribution grid of Maíz Apellániz (2013a), the photometric calibration and zero points of Maíz Apellániz (2005a Apellániz ( , 2006 Apellániz ( , 2007 , and the family of extinction laws of Maíz Apellániz (2013b) and Maíz Apellániz et al. (2014) . We fixed the photometric luminosity class to 5.0 and we left four free parameters: T eff , E(4405 − 5495) (amount of extinction), R 5495 (type of extinction), and log d. We fitted nine photometric bands, and hence had five degrees of freedom. The resulting values for these four parameters and the best spectral energy distribution are shown in Table 3 and Fig. 4 , respectively. The estimated extinction in the V band is A V = 0.18±0.02 mag.
The chorizos execution yielded a reduced χ 2 value of 1.0, indicating that the photometry used is consistent and compatible with the used spectral energy distributions and extinction laws. The values of E(4405 − 5495) and A V are compatible with previous results (Lee 1968; Brown et al. 1994; Mayne & Naylor 2008) . R 5495 shows a large uncertainty, as expected for an object with such a low extinction. The derived T eff is consistent with a composite source made out of three bright stars, one hotter than 30 kK, the another two cooler than that. Finally, the derived distance (d ≈ 263 pc) is considerably lower than other measurements, but this is just an artifact of the fitting and must not be used: since we are measuring the combined photometry of three stars and fixing the luminosity class, the resulting distance is artificially lower than the real one (see below). This problem with spectroscopic parallaxes is common for O-type systems due to the abundance of unresolved binaries.
Distance
There have been different determinations of the distance to the σ Orionis cluster, which have been derived and used in a variety of manners across (Perryman et al. 1997) , but with a selfconsistent (and non-constant) spatial distribution for the early-type stars in the solar neighborhood (Lutz & Kelker 1973; Maíz Apellániz 2001 , 2005b . The new Hipparcos reduction of the raw data by van Leeuwen (2007) did not improve the original measurement.
From average Hipparcos parallax measurements of stars in Ori OB1b, other authors have reported distances of up to 440 pc (Brown et al. 1994; de Zeeuw et al. 1999; Hernández et al. 2005; Caballero & Dinis 2008) . Alternative, non-parallactic determinations of the cluster distance have been mostly based on isochronal fitting. However, perhaps because of the heterogeneity in used data and models, minimisation techniques, spectral types of stars, and subjective authors' assumptions, derived distances also range on a wide interval from 360 +70 −60 to 470±30 pc (Sherry et al. 2004 Hernández et al. 2005; Caballero 2007; Mayne & Naylor 2008; Naylor 2009) .
A classical distance-determination method, the dynamical parallax, was implemented in the cluster by Caballero (2008a) , who estimated d ∼ 385 pc under the assumption that σ Ori was triple. This estimation matches the recent determinations with the Navy Precision Optical Interferometer (NPOI; Hummel et al. 2013 ) and the Michigan Infra-Red Combiner for the CHARA Interferometer (MIRC; Schaefer 2013). From these interferometric data, Hummel et al. (2013) and Schaefer (2013) independently proposed a distance d ∼ 385 pc. Although optical interferometry will soon provide uncertainties of 1-2 % for the distance to σ Ori (Schaefer et al., in prep.) , we assumed a more conservative error of 5 %, which translates into a heliocentric distance of d = 385±19 pc.
3.3. The elusive σ Ori B component Bolton (1974) was one of the first authors to postulate the presence of a third component in the σ Ori A,B system (although Frost & Adams 1904 , had done it seven decades earlier). He commented that the velocities and "spectroscopic" magnitude difference shown in one of his spectrograms indicated that none of the spectroscopic components was the component B of the visual system and, furthermore, that there was no evidence of B in his spectrograms. As shown below, our presentday, better quality, observational dataset confirms Bolton's statements.
Following the estimations by Hartkopf et al. (1996) , component B should not be separated by more than ∼3 km s −1 from the systemic velocity of the Aa,Ab pair. From the difference in magnitude relative to the Aa,Ab component, the B star should have an spectral type ∼B0-B2 V. Thanks to the large radial velocities reached by σ Ori Aa and Ab during periastron passage (separated by up to 292 km s −1 ; see Table 1 ), it might be possible to find spectroscopic features of the B component around phase zero. However, we did not find any sign of lines from an early B star close to the systemic velocity in any of the spectra obtained during periastron passage. This fact is illustrated by Fig. 5 , where we show the spectrum of σ Ori Aa,Ab,B with maximum separation between the lines of the Aa and Ab components together with high-S/N spectra of two well-investigated early B dwarfs. The only possibility to reconcile photometry (i.e., the celebrated astrometric "binary" announced by Burnham in 1892) and spectroscopy (i.e., the absence of lines at V r ≈ γ) is to consider that σ Ori B has a large rotational velocity, of v sin i ∼ 200-300 km s −1 . 
Spectroscopic parameters
We used the HERMES spectrum taken on 2013 Oct. 11, the one with the largest separation between the lines of the Aa and Ab components, to perform a combined quantitative spectroscopic analysis of the σ Ori Aa,Ab,B system. By combined we mean that the stellar parameters of the three components were obtained directly and simultaneously from the analysis of one of the original spectra. This type of analysis can be considered as opposite to the spectral disentangling option, in which the spectrum of each component is obtained and analyzed separately. The combined synthetic spectra to be fitted to the observed one were constructed using spectra from the grid of fastwind models with Solar metallicity (González Hernández et al. 2008; Simón-Díaz 2010; Nieva & Simón-Díaz 2011) included in IACOB-GBAT (Simón-Díaz et al. 2011c ). The spectra of each component was convolved to the corresponding v sin i, shifted in radial velocity, and scaled by a certain factor d i , where d i =1. Then, the three synthetic spectra were added together, and the combined spectrum overplotted to the observed one.
We fixed in our analysis the radial and projected rotational velocities of the three components. For components Aa and Ab we considered the values directly measured from the 2013-10-11 spectrum itself (see Table 4 ), while for component B we initially assumed a v sin i = 200 km s −1 and a radial velocity equal to the systemic velocity of the Aa,Ab system (note the difference between the inclination i of the rotation axis of each component, as quoted in v sin i, and the inclination of the orbit of the Aa,Ab system, as quoted in M dyn sin 3 i in Table 1 ). In view of the results from the spectroscopic analysis by Najarro et al. (2011) , we also fixed the associated helium abundances (Y He = 0.10), microturbulence velocities (ξ t = 5 km s −1 ), and wind-strength parameters (log Q = -14.0) for the three stars. Last, we made use of the magnitude differences of previous sections to estimate the dilution factors. In particular, the Aa, Ab, and B components contributed to the global spectrum by 48 %, 28 %, and 24 %, respectively. As a result, only the effective temperatures (T eff ) and gravities (log g) remained as free parameters to be determined in the analysis.
The best-fit solution was obtained by visual comparison of the original and combined synthetic spectra around the H and He i-ii lines, which are commonly assumed as a diagnosis for the determination of stellar parameters of O stars (e.g., Herrero et al. 1992 Herrero et al. , 2002 Repolust et al. 2004 ). The fit is illustrated by Fig. 6 , which also shows the relative contribution of each component to the global spectrum. Although the contribution of the B component to the combined H and He i lines is very small, the presence of a third component is needed to fit the region between the lines of the Aa and Ab components. On the other hand, the contribution of B to the He ii lines is negligible, as expected from its lower effective temperature and large v sin i. mine precisely the gravity of the three components (from the wings of the hydrogen Balmer lines) and the effective temperature of the elusive B component (mainly constrained by the weak He ii lines). To improve this situation, we followed an iterative strategy that accounted for the comparison of spectroscopic and evolutionary masses (Section 3.4.2). The resulting spectroscopic parameters are summarized in Table 4 . The derived T eff and log g are also complemented with the gravities corrected from centrifugal acceleration (log g c , computed following the procedure described in Repolust et al. 2004 ).
Physical parameters
Once effective temperatures and gravities were determined, we used them, along with the spectral energy distributions of the associated fastwind models and the absolute visual magnitudes computed in Section 3.2, to obtain the radii, luminosities and spectroscopic masses (M sp ) of the three components. To this aim, we followed the same strategy as described in Herrero et al. (1992) . The resulting stellar parameters and associated uncertainties from fastwind are given in Table 4 . The errors in R, logL, and M sp take into account the uncertainties in distance, extinction, effective temperatures, gravities, and individual extinctioncorrected V -band absolute magnitudes (obtained in turn from the uncertainties in the combined apparent magnitude and magnitude differences between A and B, and Aa and Ab; see Section 3.2).
We then used the Bayesian code bonnsai 5 (Schneider et al. 2014b ) to infer the evolutionary masses (M ev ) and ages of σ Ori Aa, Ab, and B. Once some priors are accounted for, bonnsai matches all available observables simultaneously to stellar models and delivers probability distributions of the derive stellar parameters. In our case, we matched the luminosities, surface gravities, effective temperatures, and projected rotational velocities of our three stars to the rotating Milky Way stellar models of Brott et al. (2011) . We as- (a) Mev refers to present-day evolutionary masses; however, due to the youth and low mass-loss rates of the stars present-day and initial masses are equal. (b) The quoted uncertainties in the estimated ages may actually be considered as upper limits since bonnsai computations performed for this study assume that there is no correlation between the uncertainties associated with T eff , log L, and log g (see notes in Sect. 3.4.2 and Fig. 7 ).
sumed a Salpeter initial mass function (Salpeter 1955) as initial mass prior, uniform priors for age and initial rotational velocity, and that all rotation axes are randomly distributed in space. The stellar models reproduced correctly the observables. The determined initial masses, ages and initial rotational velocities are summarized in Table 4 including their 1σ uncertainties. For completeness, we also provide in Table 4 the number of hydrogen (H 0 ) and neutral helium (He 0 ) ionizing photons emitted by σ Ori Aa, Ab, and B. These quantities can be of future interest for, e.g., the study of the ionization of the Horsehead Nebula, the associated photodissociation region, and the impact of massive stars on the formation and evolution of low-mass stars, brown dwarfs, stellar discs, Herbig-Haro objects, and possible planetary systems in the σ Orionis star forming region. In total, the triple system emits 9.6×10 47 H 0 and 1.8×10 46 s −1 He 0 ionizing photons, enough for shaping virtually all remnant clouds in the Ori OB1b association (Ogura & Sugitani 1998) . However, the ionization budget of the surrounding interstellar medium is mainly dominated by the hottest component only, σ Ori Aa, which contributes with 87 % (H 0 ) and 98 % (He 0 ) of the total numbers of ionizing photons.
Discussion
Summary of orbital properties of the σ Ori Aa,Ab,B system
As shown before, the angular separation between σ Ori Aa,Ab and B lies today at ∼0.25 arcsec, which translates into a projected physical separation of about 100 au (Caballero 2014 , and references therein). This separation makes the "pair" to be resolvable only with the Hubble Space Telescope and, from the ground, with micrometers, speckle, adaptive optics, or lucky imagers at >1 mclass telescopes.
The last published orbital solution, by Turner et al. (2008) , quoted a period P = 156.7±3.0 a, an eccentricity e = 0.0515±0.0080, and an inclination angle i = 159.7±3.7 deg (i.e., the orbit is almost circular and located in the plane of the sky). Our AstraLux astrometric measurements (Table 2) together with many other independent ones obtained after 2008, will certainly help to refine the published orbital solution.
Regarding the σ Ori Aa,Ab pair, over a century had to elapse since the first suspicion of spectroscopic binarity by Frost & Adams (1904) , through the first quantitative measures by Bolton (1974) and Stickland & Lloyd (2001) , to the confirmation by Simón-Díaz et al. (2011a) . With a projected physical separation between 0.8 and 6.4 mas, the Aa,Ab system can be resolved in imaging only with interferometric observations. After publication of Simón-Díaz et al. (2011a) , and during the development of this paper, two different teams have been able to resolve the Aa,Ab pair with interferometric facilities (Hummel et al. 2013; Schaefer 2013 ). While they plan to publish a joint analysis (D. Gies; priv. comm.), both groups have already indicated 57 and 56.3 deg, respectively, as first estimates for the inclination orbit of the Aa,Ab system. Our study allows to provide an independent rough estimation of the inclination of the Aa,Ab orbit based on the comparison of our own determinations of the projected dynamical masses and evolutionary masses (see Sections 3 and 4.3). Considering the values of M dyn sin 3 i and M ev for the Aa and Ab components indicated in Table 4 , we obtained i = 52.0±1.2 and 52.9±1.2 deg, respectively. These values are in relatively good agreement with (but a bit smaller than) the preliminary estimations provided by the combination of spectroscopic and interferometric observations. All the quoted values of i imply that the σ Ori Aa,Ab system is not eclipsing. We have confirmed this result using Hipparcos photometry: we did not find any indication of possible eclipses, which should occur at phases 0.02 and 0.95 and, by folding the light curve to periods close to 143 days.
In the light of the orbital properties and derived projected rotational velocities of σ Ori Aa,Ab,B (Table 4) , we conclude that the geometry of this young hierarchical triple system is rather complex. On one hand, the close pair revolves in a very eccentric orbit with an inclination ∼55 deg, while the wide pair does it in an almost circular orbit and with an inclination of ∼160 deg. Therefore, the triple system is far from being co-planar. On the other hand, the projected rotational velocities of the Aa and Ab components are very different (135 and 35 km s −1 , respectively). In absence of direct information about the inclination angle of the rotational axes, we hypothesize that the spins of the two stars are not synchronized and/or the rotational axes are not aligned. A more thorough investigation of the global properties of σ Ori Aa,Ab,B in the context of the statistical properties, formation, and evolution of multiple stellar systems, as in Tokovinin (2008), is one possible direction of future work.
The good phase coverage of our spectroscopic observations and the great accuracy in the determination of the orbital period of the very eccentric binary σ Ori Aa,Ab (with an error of 7.2 minutes in 143.2 days) allowed us to identify precisely the future dates of periastron and apoastron passages until 2020. The passage dates shown in Table 6 will certainly ease the investigation of, e.g., absidal motion, circularization, orbital period varia-tion, and, especially, X-ray emission (see below).
σ Ori Aa,Ab,B as an X-ray emitter
For years, σ Ori Aa,Ab,B has been identified as the most luminous and softest X-ray source in the σ Orionis cluster (Berghoefer & Schmitt 1994; Sanz-Forcada et al. 2004; Skinner et al. 2008; Caballero et al. 2009 Caballero et al. , 2010 . From a comprehensive analysis of high-resolution Chandra Xray imaging and spectroscopy of the triple system (none of the Aa,Ab,B components can be resolved by existing X-ray telescopes), Skinner et al. (2008) concluded that the measured X-rays properties of σ Ori were in good agreement with model predictions for shocks distributed in a radiatively driven stellar wind. However, other possible emission mechanisms that could not be ruled out by that time were a magnetically-confined wind shock in the weak-field limit, and a sub-terminal speedcolliding wind system, under the hypothesis that σ Ori A had a putative spectroscopic companion, which had not been confirmed yet. With our latest results, the estimated minimum and maximum separations between the Aa and Ab components is ∼66 and ∼528 R ⊙ (about 10 and 100 stellar radii), respectively. Although previous investigations of X-ray emission variability have resulted in negative evidences (Sanz-Forcada et al. 2004; Skinner et al. 2008; Caballero et al. 2010) , likely due to the relatively long period of 143.2 d and high eccentricity, the colliding wind shock hypothesis, now the most probable scenario, can be tested during future periastron passages with either Chandra or XMM-Newton.
Stellar masses
We provided a rigorous determination of the evolutionary masses and ages of the three components with the bonnsai tool in Section 3.4.1. Complementing these estimates, the HertzsprungRussell diagram in Fig. 7 allows a quick visual estimation of their evolutionary masses and ages, their associated uncertainties, and how these quantities are modified when the estimated effective temperatures and assumed distance are modified. We derived a total evolutionary mass M Aa+Ab+B = 48.2 ± 1.5 M ⊙ , a value that is in good agreement with the total dynamical mass derived by means of the Kepler's third law assuming the Turner et al. (2008) orbital parameters for the "astrometric" pair and a distance of 385 pc (M A+B = 44 ± 7 M ⊙ ). We also found fair matches between the ratios of evolutionary masses (1.37±0.10) and of dynamical masses (1.325±0.006; Table 1) of the Aa and Ab components. Finally, our derived evolutionary masses for the inner pair are systematically larger than the values resulting from the analysis of the interferometric observations (M dyn,Aa = 16.7 and M dyn,Ab = 12.6 M ⊙ ; Hummel et al. 2013; G. Schaefer, priv. comm.) . This is a puzzling result since the effective temperatures that would lead to these evolutionary masses (∼32 and 29 kK, respectively; see Fig. 7 ) are incompatible with the values indicated by the quantitative spectroscopic analysis (see also notes in Sect. 4.4). A possible solution to this relative mismatch between the evolutionary and dynamical masses could be related to the inclination angle resulting from the combined radial velocity and interferometric analysis. In particular, taking into account the preliminary dynamical masses of σ Ori Aa and σ Ori Ab computed by Hummel et al. (2013) and Schaefer (2013) , and the total Aa+Ab+B mass indicated above (44±7 M ⊙ ), the B component would be more massive than the Ab component, while the later is more luminous. Using our evolutionary masses there is a better correspondence between mass and luminosity regarding the three more massive components of σ Ori. As indicated in Sect. 4.1, an orbit with a slightly smaller inclination would solve this mistmatch between dynamical masses and luminosity.
Stellar ages
The age of the σ Orionis cluster has been extensively investigated in the literature, mainly using low-mass stars (e.g., Zapatero Osorio et al. 2002; Sherry et al. 2004 Sherry et al. , 2008 Caballero 2007; Mayne & Naylor 2008) . The widely accepted cluster age interval is 2-4 Ma, with extreme values reported at 1.5 and 8 Ma. Our study provides an independent determination of the age of the three most massive stars in the cluster, namely σ Ori Aa, Ab, and B. The individual stellar ages indicated by bonnsai are 0.3
−0.9 , and 1.9 +1.6 −1.9 Ma, respectively. In view of these values, once could argue that the derived ages for the three components are in agreement (within the uncertainties) and propose a mean age ∼1 Ma for the σ Ori Aa,Ab,B system. This result confirms the youth of the σ Orionis cluster, but also points towards stellar ages of the most massive members (especially σ Ori Aa and σ Ori Ab) which are slightly younger than the commonly accepted cluster age. This later statement is reinforced when one takes into account that the quoted uncertaities in the ages resulting from the bonnsai analysis may be actually considered as upper limits. The bonnsai computations assume that the uncertainties in the three input parameters (T eff , log L, and log g) are independent; however, as illustrated in Fig. 7 there is a strong correlation (linked to basic priciples of stellar astrophysics) between variations in log L and T eff . These variations follow an inclined line in the HR diagram almost parallel to the ZAMS and the 1-4 Ma isochrones in the 10-20 M ⊙ range. As a consequence the uncertainty in the derived age due to uncertainties related to the effective temperature determination are actually smaller than predicted by bonnsai.
Being aware of the subtlety of the result about the difference between the age derived for σ Ori Aa, Ab (≤1 Ma) and the commonly accepted cluster age (2-4 Ma) we also wanted to investigate further whether this non-coevality is a result of an underestimation of the uncertainties in the derived ages or could be used as an observational evidence of an actual physical process linked to the formation or evolution of these stars.
We first discarded it to be a consequence of an incorrrect determination of the stellar parameters (especially effective temperatures), cluster distance, or individual magnitudes. Any of these three possibilities can locate σ Ori Aa and σ Ori Ab in a reasonable way on the 2 Ma isochrone. However, an effective temperature lower than 32 kK for σ Ori Aa would deliver a bad fitting of the He i-ii ionization equilibrium (the same argument applies, to a less extent, to σ Ori Ab), a further distance, of 430 pc, would translate into an age of about 6 Ma for σ Ori B, and the magnitude difference between σ Ori Aa,Ab and B necessary to put the three components simultaneously on the ZAMS is incompatible with observations (∆V ∼ 1.5 mag).
The assumed metallicity and input physics considered in the stellar evolution models could also modify the derived ages. To check the effect of these parameters we compared the location of the tracks and isochrones computed by the Bonn (Brott et al. 2011) and Geneva (Ekström et al. 2012) groups, which assumed a slightly different solar metallicity and core-overshooting parameter. The position of the ZAMS (for the same initial rotational velocity) in Ekström et al. (2012) models is exactly the same as for Brott et al. (2011) ; on the other hand, the isochrones of a given age in Ekström et al. (2012) computations are closer to the ZAMS compared to Brott et al. (2011) models. As a consequence, Geneva models implied slightly older ages for σ Ori Aa and σ Ori Ab; however, these were still less than 1 Ma.
We also explored the possibility that σ Ori Aa and σ Ori Ab have suffered from a rejuvenation process by mass accretion (viz. Braun & Langer 1995; van Bever & Vanbeveren 1998; Dray & Tout 2007; Schneider et al. 2014a) . As indicated in Sect. 4.1, these two stars with masses ∼20 and ∼15 M ⊙ are orbiting in a high eccentric orbit with a period of 143.2 days. The closest separation between the stars in the orbit, at periastron, is ∼65 R ⊙ (more than a factor ten in stellar radii). This wide separation, together with the small tabulated mass-loss rate (Najarro et al. 2011) , makes the occurence of mass transfer episodes (and hence any associated rejuvenation phenomenon) in this system very unlikely.
Are we then facing to an empirical evidence of a star formation process in which massive stars in a stellar cluster are formed slightly after their low-massive counterparts? The formation of massive stars is still an open, highly debated question. Zinnecker & Yorke (2007) reviewed the three main competing concepts of massive star formation, including (a) the monolitic collapse in isolated cores, (b) the competitive accretion in a protocluster environment, and (c) stellar collisions and mergers in very dense clusters. In absence of any other satisfactory solution at this point, we might assume the competitive accretion scenario as a likely explanation for the slightly younger age derived for σ Ori Aa,Ab compared to cluster age as determined from low-mass stars. Although it must be considered for the moment as a highly speculative statement, its confirmation/refutation (based on a much deeper study including all possible observational information regarding the high-and lowmass content of the σ Orionis cluster and its viability in terms of spatial and temporal scales) deserves further investigation. In this context, we remark the recent study by Rivilla et al. (2013) in which the authors claims that the scenario that better explain the distribution of pre-main sequence stars in three star formation regions in Orion (the Trapezium cluster, the Orion hot core, and the OMC1-S region) assumes high fragmentation in the parental core, accretion at subcore scales that forms a low-mass stellar cluster, and subsequent competitive accretion.
Summary
The almost extinction-free, young σ Orionis cluster in the Ori OB1b association is a cornerstone region for the study of stellar and substellar formation and the interplay between the strong (far-)UV radiation emitted by massive stars and the surrounding interstellar material. At the very centre of the cluster, the massive σ Ori A,B system, commonly identified as a close astrometric binary, has been recently confirmed to be a hierarchical triple system. The first two stars (σ Ori Aa and Ab) are coupled in a very eccentric orbit with a period ∼143 d, and both together are orbiting with the third component (σ Ori B) in a much wider and longer (P ∼ 156.7 a) orbit almost circular.
Aiming at providing a complete characterization of the physical properties of the three components and an improved set of orbital parameters for the highly eccentric σ Ori Aa,Ab pair we compiled and analyzed a spectroscopic dataset comprising 94 high-resolution spectra (∼33 of them were obtained near periastron passage of the AaAb system). The complete sample covers a total time-span of almost 14 orbital periods of the σ Ori Aa,Ab system.
The revised orbital analysis of the radial velocity curves of the σ Ori Aa,Ab pair led to an improved orbital solution compared to our previous study performed in Simón-Díaz et al. (2011a) . The great accuracy reached in the determination of the orbital period (7.2 minutes in 143.198 days) allowed us to provide precise future ephemerides for the system. This can be of particular interest for the investigation of variability of the strong X-ray emission detected for σ Ori A,B. In addition, the good phase coverage achieved by our observations settle a firm baseline for future investigations of apsidal motion effects, circularization and/or time variation of the orbital period in this young, very eccentric massive stellar system.
We performed a combined quantitative spectroscopic analysis of the σ Ori Aa,Ab,B system by means of the stellar atmosphere code fastwind. We used own plus other available information about photometry and distance to the system to provide estimates for the radii, luminosities, and spectroscopic masses of the three components. We also infered evolutionary masses and stellar ages using the Bayesian code bonnsai.
Despite the absence of clear spectroscopic features associated to the σ Ori B component in the combined spectrum, we provided indirect arguments indicating that the faintest star in the traditionally considered astrometric binary is an early-B type dwarf with a projected rotational velocity of at least 200 km s −1 . The fastwind+bonnsai analysis indicated that the σ Ori Aa,Ab pair contains the hottest (T eff,Aa =35.0 ± 1.0 kK, T eff,Ab =31.0 ± 1.0 kK) and most massive (M Aa = 20.0 ± 1.0 M ⊙ , M Ab = 14.6 ± 0.7 M ⊙ ) components of the triple system, while σ Ori B is a bit cooler and less massive (T eff,B =29.0 ± 1.5 kK, M B = 13.6 ± 0.8 M ⊙ ). The derived stellar age for σ Ori B (1.9 +1.6 −1.9 Ma) is in relative good agreement with previous determinations of the age of the σ Orionis cluster; however, the ages of the spectroscopic pair (0.3 +1.0 −0.3 and 0.9 +1.5 −0.9 , respectively) are intriguingly younger than the commonly accepted cluster age (2-4 Ma).
The outcome of this study, once combined with on-going interferometric and past/future optical and X-ray observations, will be of key importance for a precise determination of the distance to the σ Orionis cluster, the interpretation of the strong X-ray emission of the σ Ori Aa,Ab,B system, and the investigation of the formation and evolution of multiple massive stellar stystems and substellar objects. This 2-column preprint was prepared with the AAS L A T E X macros v5.2. 
